Urbach width (i.e. the width of the sub-conduction band-tail states, referred to as E u ). Using 158 a photoluminescence (PL) emission in the green-orange, they observed an excitation-energy-159 dependent emission (EDE). The emission peak position shifted linearly, while the peak 160 intensity varied exponentially with a change in the excitation energy; this effect was 161 attributed to the exponentially distributed density of the sub-conduction band-tail states. 162
High excitation energies are able to access band-tail states closer to the conduction band 163 edge, where the density of states is highest and emission intensities are correspondingly 164 larger. Further from the conduction band edge, the density of states is lower and excitation 165 to this part of the band-tail (i.e. using a lower energy excitation) results in a lower emission 166 intensity. Repeating the experiment at 7, 100 and 295 K yielded PL emission spectra that 167 were broadly similar, supporting the hypothesis that the emissions reflect a continuous 168 distribution of the band-tail states. Using this approach, Prasad et al. 
Samples 194
The suite of feldspars selected for this study are summarised in Table 1 University of Denmark, Risø Campus, Roskilde, Denmark. The measurements were made 215 using a Tungsten halogen lamp, for excitation between 500 and 1000 nm, and a CW Xenon 216 lamp for excitation between 370 and 560 nm. Excitation wavelengths were selected using a 217 double-grating Czerny-Turner monochromator and excitation spectra were recorded 218 through a U340 filter with a UV-sensitive photomultiplier tube (PMT). Emission spectra were 219 detected using the UV-sensitive PMT together with the monochromator. All spectra were 220 corrected for excitation light flux and system response; excitation spectra were converted 221 into photons/s/unit energy interval. Sample material was mounted on the sample holder 222 within COLUR using carbon tape. The sample holder of COLUR comprises the cold finger of aM A N U S C R I P T A C C E P T E D COLUR sample chamber, the samples were preheated for 60 s at 250 °C to remove trapped 232 charge which is thermally unstable over laboratory timescales. Excitation spectra were 233 measured from 500 to 1000 nm, using a step size of 5 nm, a bandpass of 10 nm and an 234 integration time of 1 s. We tested the effect of measurement temperature on selected 235 sample F1, which was measured at 7 K and 300 K; all other measurements were made at 300 236 K. 237 The luminescence intensities and the contrast between the two features vary 261 between the different samples ( Fig. 3A , B, Figs. S-4-S-7). Cleavelandite (albite) shows the 262 brightest signal intensity whereas plagioclase sample DK4 has very dim luminescence. For all 263 samples except Cleavelandite, F1 and KTB-383-C, the resonant luminescence emission 264 intensity is stronger than that at the highest excitation energy. In addition to the IR 265 resonance peak, MBT-I-2430 shows a broad absorption peak centred at ~2.1 eV, which is 266 superimposed on the rising continuum (Fig. 3B) . 267 F1 was measured at 300 and 7 K (Fig. 3A) , to investigate the effect of different 268 measurement temperatures. The initial luminescence intensity in response to excitation of 269 2.25 eV is about an order of magnitude greater at room temperature, relative toM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT measurement at 7 K, which is significant as some of our samples showed very weak 271 luminescence. The IR resonance peak is absent in the 7 K excitation spectrum (Fig. 3A) . 272 (2013) measured excitation spectra up to 2.80 eV, however due to instrumental limitations 287 during the analytical period, the maximum excitation energy explored in this study was 2.48 288 eV. We tested the influence of fitting different excitation energy ranges on the obtained E t to 289 evaluate whether our spectra are sufficiently described (i.e. from 2.10 eV to 2.35 eV in 290 0.05 eV steps, Table S-1). We recorded an average variance of 7 %, with a trend towards 291 higher E t values as the lowest fitted excitation energy increased. 292
We report values derived from fitting the emission intensity for excitation energies 293 ranging from 2.30 to 2.48 eV and the mean optical trap depth is 2.04 ± 0.05 eV. SampleM A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
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MBT-I-2430 exhibit the greatest trap depths of 2.15 ± 0.01 and Cleavelandite has the 295 shallowest trap depth of 1.99 ± 0.01 eV ( Table 2 ). Given that the high-energy plateau 296 predicted by equation 1 is not observed in our experimental data, the model fits are 297 mathematically poorly constrained and these trap depths should be considered as 298 preliminary estimates. 299 300
Excited state of the IRSL trap 301
The IR resonance peak was fitted with a single Gaussian distribution [eq. 2] to 302 characterise the excited state of the IRSL trap. 303
where k is a pre-exponential factor, E the corresponding excitation energy, μ the mean 307 energy of the Gaussian distribution and σ the standard deviation. All samples showed 308 similar IR resonance with the Gaussian distribution centred between 1.41 and 1.46 eV (Fig. 3,  309 Figs. S-4, S-5). The FWHM varied from 0.16 to 0.40 eV; results are given in Table 2 . 310 where E is the excitation energy, E t the trap depth and ΔE the band-tail width accessible 319 from the ground state of the trap. The broad absorption peak at ~2.1 eV superimposed on 320 the rising continuum of sample MBT-I-2430 (Fig. 3B, Fig. S-3C ) was excluded from the fit of 321 this sample, so that the final excitation energy range considered was limited to 2.22 to 2.48 322 eV. 323
The quality of fit varied between samples. It was not possible to calculate ΔE for KRG- 
Estimation of band-tail width using the excitation-energy-dependent emission (EDE) 331
The PL emission spectra of the different samples were similar and are characterised 332 by a single emission peak. Reducing the excitation energy systematically causes signal 333 intensities to decrease and the emission peak to become narrower and to shift to lower 334 emission energy. At ~2.2 eV excitation, no detectable peak is observed. The area under the 335 PL peak was integrated and an exponential relationship between the PL intensity (integrated 336 PL peak area) and the corresponding excitation energy was observed ( Fig. 5; Figs. 
S-8, S-9). 337
Taking the natural logarithm of the integrated PL peak area enabled us to fit a linear 338 regression between ln(PL) and the excitation energy ( mode IR resonance or FWHM, and sample chemical composition, is apparent for our data 355 (Fig. 7) . 356
The similarity between the different feldspar variants indicates that the defect 357 causing IR absorption is likely to be on the feldspar silicate framework, rather than a 358 substitution or defect on the metal site (the compositions and symmetry of which changes 359 substantially across the feldspar mineral group), which is in agreement with previous work 360 Table 2 ). 372
These preliminary data suggest that the defect or defects interrogated in the optical probing 373 experiments presented here are part of the feldspar alumino-silicate framework, which is 374 broadly consistent between all feldspar variants. In terms of trap depth calculations, a 375 common value of E t may be applicable to feldspar of different compositions, and further 376 investigations using low temperature OSL excitation spectra, and/or newly developed optical 377 probing methods to directly characterise the IRSL trap depth without the effects of 378 competing recombination processes (Prasad et al., 2017), will be useful to investigate this 379 potential in the future. 380
Regarding the width of the sub-conduction band-tail states, both methods, viz. the 381 excitation spectra measured at 300 K to determine ΔE (equation 3) and EDE (Prasad et al., 382 2016; Prasad and Jain, 2018) used to determine E u yield broadly similar results for some 383 samples (Fig. 6) . ΔE ranged from 0.21 to 0.46 eV and E u from 0.26 to 0.81 eV (Figs. 6, 7) . Whilst it is important to consider the absolute width of the band-tail states, the 406 absolute density of band-tail states will also impact the thermal stability of luminescence 407 signals in feldspars. This aspect has not been investigated in the present study but should be 408 considered for assessing thermal stability of IRSL. 409 410
Conclusion 411
In this study we investigated the kinetic parameters of feldspar that are thought to 412 determine thermal decay using optical probing, and attempted to relate these parameters to previous studies. Interestingly the difference between ΔE and E u is greater for samples with 419 low K-content, potentially indicating that recombination efficiency must vary more with 420 band tail energy in K poor feldspars. Based on these findings we tentatively conclude that 421 the defect or the defects leading to IRSL in feldspar are within the alumino-silicate 422 framework of feldspar, which is almost the same for all alkali feldspars and would explain 423 the similarity in our results. In contrast to the trap energy levels (ground and excited state), 424
ΔE, E u and the FWHM of the excited state exhibited larger variability between samples; 425 combining these data with numerical models of feldspar thermal decay, and contrasting 426 them with isothermal decay data in future work will provide further insights into which 427 parameters are the key drivers of differences in the thermal stability of feldspars. 
